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INTRODUCTION . 
This report presents the research results for the time point when the Rayleigh-Taylor 

instabiEitp converts to the nonlinear stage as well as the computational results for the interaction 
of two mgdcs of Rayleigh-Taylor instability when initial perturbations are concentrated at the 
ablation brit (problem (a)) and on the rear side (problem (b)) of the plane target. 

As was shown in the report for the first phase [ 11, for a targct of 3 pm thick the existence 
time of the nonlinear stage is extnmely low and does not allow to track the evolution pattern. In 
[ I ]  it was shown that the plane truget with A& pm is more preferable for this goal. Therefore all  
the computations presented here relate to the m e t  with the indicated thickness. The laser pulse 
parameters arc remained unchanged J ~ = l o l ~  W/cm2, X=0.35 pm. 

I. RESULTS OF 1-D COMPUTATIONS 

We will be& by discussing the results of 1-D computations to the evolution changes in 
the instability pattern when the shell thickness was increase from 3 to 5 pm. 

It is relatively clear that the characteristics of laser corona demonstrate a low sensitivity to 
the target thickness. This is seen hi Fig. 1 which presents the temperature at the critical point as a 
function of time and dots correspond to the temperature values in the computations of the target 
3 p thick. However the target characteristics such as nonvaporizcd mass, velocity and 
acceleration changed considerably which can be easily seen from Fa. 2, 3. The effective $uckness 
of the nonvaporiztd target portion in flight at tz0.15 ns is seen in Fa. 4. It is about 0.8 @n. x Now 

mula 
(2.6) from [I]. 
we can evaluate the expected maximum value of the increment for this target using 

This value occurs for k* sat- the relation e-'*' = 2 b @ J s .  For =, 
A=0.8 e, g#2.107 cm/c2, c,=3.107 cm/c (see Fig. 1, 3 and 4) we obtain (the constant b in our 
estimation is taken to be 1): 

n*=2. lo4 cm-l and r e 3 3  ns-l. 
The quasistationary pr0fil.e forms by 0.08 ns and the target completely vaporizes by 

-0.25 11s. Thus the evolution of instabilities in computations can be tracked to -0.17 ns. During 
this period perturbation amplitude could increase by ~5.~=270 times in h e a r  regime of the 
instability. While we had ~t&0~0.04#2.4 in the problem under consideration with 3 pn target. 
Hence the gain in the computaticmal variation range of the instability amplitude is about 25 times 
when 5 pn w e t  is used. 

TIME OF INSTABILITY TRANSITION TO THE NONLINEAR MODE 
VERSUS INITIAL AMPLITUDE 

evolution of Rayl(Eigh-Taylor instability the initially specified perturbation mode 
progtessively genmtes higher hannonics. In principle, there may exist multiple criteria for the 
evaluation of time point when the nodhear mode emerges. This may be, for example, the time 
where the amplitude of the swind harmonic reaches some portion of the amplitude of the first 
harmonic. We chose this fraction to be 20% which corresponds (as will be seen below) to the 
double increase in the amplitude of the second harmonics as compared to the mesh noise 
amplitude. 
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F@. 1. Electron temperature at critical point versus time in 1-D computation for the plane 
targets with various thickness values. 
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The change in nonvaporizcd target mass with time in 1-D computation for 
t initial thickness. 
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Fig. 3. Comparison velocities and accelerations of the nonvaporizcd target versus time in 
1-D computations lor 3 pm (curve with markers) and 5 pm initial thick tagets. 
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Density profile of the nonvaporized target at t=0.15 ns. 
ndenct of interest can be evaluated from [2] for the infinitely thin shell. 
constant acceiexation, the general solution for the form of the shell in [2] is 

written as follows 
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here 5 is the Lagr;mgian coordinate along the shell, r,=& for s d , 2  @,=-A,) and 
rm=&t,& for s=3,4 @,=A,) are the increments and eigenfrequencies of the pe-ation 
with wave number k, g is the accellemtion. 

The application of the'pe:rturbation as a single mode with zero initial velocities (see 
formula (1.2) in [ 11 for x=z-)i means the choice of A, and B ,  such that 

4 
2 y(& t )  = - -(cWt - cos rt) sin e 

Now writing the plate shape as 
m 

x(y) = ZC,, cos kny 

yields: 

1 A detailed definition of the interface is given in [ 11. Here and Wher we will study the * 

perturbation evolution at the intrdace as the most illustrative chamcteristic of 2-D flow. 

It is easily seen that the value of the second harmonic relation to the ticst one C&l is the 
function ofplft) only. 

The ratio C& reaches the v : * b  0.2 with 81=0.428. Thus for the time t' of t h t i o n  to 
- -  the nonlinear stage we obtain the equation: 

- cklrt* -  COS^^*. 0.428 2-- 
4 k  

The solution of this equation for r=32 ns-1 is given in Fig. 5. 
For the evaluation of the dependence of interest, two series of computations were carried 

out where the perturbation wavel,cngth as taken to be 4 pm (such that the instability increments 
are close to the maximum value). 

The initial perturbations for problems (a) and (b) were introduced like in [ 11 (see formula 
for that the time of perturbation introduction in problem (a) was to=0.08 IIS instead 

shows the evolution of the perturbation amplitude at the interbe between 
target and laser coronal for problem (a) for two values of initial amplitude. It can 
far the time interval where the acceleration remains approximately the same (see 

Fig. 3), the increment is r~32 mi1. 
Fig. 7 and 8 present the time dependence for the ratio of the second and first harmonics 

amplitudes for various values of initid perturbation amplitudes. In these Gures the time is 
counted &om the start of lascr pulse while for the analysis of the transition time to nonlinear stage 
it is reasonable to consider the time period where the perturbation evobed. For problem (a) this 
means that the time should be counted fiom the introduction of the initial perturbation ( tp0 .08  
ns) . 
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Fig. 5 

CI -i 
v) 
E 
Y 

2 am 

Qai 

0 - front \ 0 -back - 

- ol\ 0 ; 
0 

I I I I 

I-- 
,' 

_ -  ..' 
, /',' 

- - (Ak)=O.Ol 
- - - - - -  - (Ak)=0.05 

QOI I d '  - I I I 

0% 0% m .  a25 

t [nsl 

"he perturbation amplitude evolution at the interface of nonvaporkcd target and 
k corona for various initial perturbation amplitudes at the ablation &ont at 
t0=0.08 ns (problem (a)). 
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Fig. 7. Time dependence for the ratio of the second and first harmonics amplitudes for 
various initial perturbation amplitudes superimposed at the ablation front at 
to=O.O8 11s (problem (a)). 
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dependence for the ratio of the second and first harmonics amplitudes for 

pertllrbation amplitudes superimposed at the rear side of the target at 
e (problem (b)). 

roblm (b), the time should be counted fiom the time where the perturbation from 
the rear si& wiU be transfcrrtd by the rarefaction wave to the ablation front. Fig. 9 shows the 
evolution of the perturbation amplitude for problem (b) for various initial perturbation values. It is 
seen that for all amplitude values the perturbation arrival time to the ablation front is actually the 
same and corresponds f0=0.068 IS. 

In Fig. 5, the markers indicate the time of transition to the nonlinear stage v e m  the 
initial perturbation for problem, (a) and (b). First, it is seen that in problems (a) and (b) the 
dependence of interest functionally is almost identical and the quantitative diffcrcnce docs not 
exceed -20 ps. 
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Second, the approximation of thin shell reproduces the numerical results with a good 

accuracy. ' 
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Fig. 9. Time evolution of the perturbation amplitudes at the interfhct be- the 
nonvaporiztd target and laser corona for various initial perturbation a~$plitudcs 
superimposed at the rear si& of the target at initiai time in problem (b). 

" 

111. NONLINEAR INTERACTION OF MODES 

To study the interaction of modes we chose the perturbation with the wavelengths 
A=10 pm and A=2 pm. The wava n u m b  k of these perturbations are on Merent sides from k* 
for which the maximum increments are achieved. This is convenient in terms of consistency 
between the growth rates of pemUbation for selected modes to make them move synchronously 
through the linear and nonlinear ritagcs. 

Prior to the computations of two mode problem we studied the evolution of each mode 
independently. 

Fig. 10 show the time eVoliution of perturbation amplitudes for both modcs in problems (a) 
and (b). It is seen that for each mode the increments in pr&lems (a) and (b) coincide and 

ns-' fir A=10 and l"2=31 ns-l for A=2 pm. 

d 12 prescnt thc evolution of M e r  Fourier hannonks for the expansion of the 
for each mode i n t  problems (a) and (b). What is striking is that for A=2 pm the 

han;nonics for (a) and (b) coincide qualitatively and quantitatively while for 
evolution of highex harmonics M e n  greatly in problems (a) and (b). 

In [lJ we have noted that for problem (b) the evolution of instabilities is COIlsiderably 
influenced by Richtmyer-Meshkov phase where the transversal velocity occurs when the shock 
arrives to the perturbed target rear side. 

As is seen from [l] (see formula (1.2)), for A=10 pn (kh3) the perturbations applied to 
the rear side decrease towards the ablation front much more slowly than for A=2 pm (kh15). 
Therefore the mass involved in tlhe motion in the transversal direction @en greatly for these two 
casts. 
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Fig.10. Time evolution of the perturbation amplitudes at the interfgct of the nonvaporbd 
target and laser corona for two wavelengths of single perturbation modes 
superimposed at the ablation front (front) and on the rear of the target M). 
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Fig.11. The amplitudes of higher harmonics in the Fourier t d o r m  of the pertw'bation 
shape ofthe inte&ice between the nonvaporized target and laser corona versus the 
amplitude of the fhst harmonic for the perturbations with the wavelengths A=2 pm 
in problems (a) and (b), respectively. 

So one can expect that wlien the perturbation is transferred by the rarefaction wave to the 
ablation front, the transversal perturbation velocity will be much higher for A=10 j.un than for 
A=2 pm. The transversal velocity in the perturbation at the ablation fiont is just responsible for 
the bthavior of higher harmonies in problems (a) and (b) for A=10 pm. 

The same circumstance should lead to the difference in the evolution pattern of 
perturbations in two mode probleim. We will illustrate OUT considerations as follows. 
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Fig.12. The amplitudes of higher harmonics in Fourier transform for the perturbation shape 
of the interface &:tween the nonvaporizcd target and laser corona versus the 
amplitude of the fist harmonic for the wavelength A=10 pm in problems (a) and 
(b), respectively. 

For the infinitely thin plate, the perturbations containing two modes with nonzero 

- 

transversal velocity have the form (see (2.1), (2.2)): 
4 3 
& 

46, t )  = - 4 (ch r,t. t. rlt). hg + 4 (ch rst + COS r,t) - COS shg + -% 3 
(3.1) L L 

J(sh B rlt - sin rlt) - COS &g + 2 B (sh rst - sin r,t). COS 5% 
2 2 

A1 4 (ch 1 7  - cos rlt) - sin - (ch r5t - COS r5t) sin S h g  - &, t )  = 6 - 
(3.2) 

L L 

B1 B -(sh r1t + sin rlt) sin 2 2 - 2 (sh r5t + sin rSt) - sin 5&g 

where A1 and A5 arc the initial perturbation amplitudes for the modes with A110 pm and 
A=2 pm, respectively and #31=vfll, /Is= v5R5 where VI and v5 are the transversal velocities 
respective modes. 

To study the interaction of modes, we choose the initial amplitude of the fmt harmonic, 
with somewhat lower increment, is greater and has another sign as compared to the initial 

of the fiffh harmonic: A1.kd.13 and 5k.A~-0.1. Thus the fXh harmonic evolving 
with the wavelength A=10 pm (see Fa. 12) will be on one hand in the 

e to the irutial perturbation with A=2 pm and on the other hand their 
in the linear stage will be comparable. This would allow to avoid too early jet 

the short wave mode and to track the interaction for a longer time. In problem (a) 
the transversal velocity of pertuitmtion does not exist. Fig. 13 presents the shape of plate given by 
formulas (3.1), (3.2) at rlt=2.2 when (3.1), (3.2) are still single-valued (do not form a loop). 

In problem (b) we can evaluate the value of vl as follows. When the shock wave arrives to 

the rear side of the target, the maximum value of the transversal velocity is uo = - c * Alk 2 
Y - 1  

2Y(Y - 1) 
Y + l  

where c = D $--- is the sound speed behind the shock wave moving With the velocity D. 
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In our problem &lo7 cm/’s. So that ~ p 1 . 7 - 1 0 ~  cm/s2 with y=5/3. The values v1,s fiom 

are in f$ct &&mined by the average mass velocity along the plate which is related to uo by 

8Xp(- ~ x ~ x  = 3 (n - e-hA ). Here k @ the wave number of the corresponding - I *  0 = -$ 
A :p kA 

mode d A is the plate thickness. Thus we obtain the following estimate: ~ 1 = 6 * l O ~  cm/s for 
A=lO pan and vs=l.2*105<<vl for h=2 pm. 

Fig. 14 presents the plate shape given to moment of the loss of single-valued pattern. 
By comparing Figs. 13 and 14 one can be easily seen the qualitative dif3erence in the 

evolution of two mode perturbations for problems (a) and (b). 
We computed the evolution of two mock perturbations with the initial amplitudes of the 

modes mentioned above (k*A1=0.13 for A=10 pm, 5k-As=-O.I for A=2 pm) with MIMOZA 
code. 

It is important to note that the computations were run with hgrangian code without mesh 
reconfiguration till the taxget bum through corresponding to the completion of computations. 

Figs. 15-17 show 2-D density distriiutions &om problems (a) and (b) at various times. For 
illustration Fig. 18 presents the frslsments of meshes at various times. It is sctn that in the 
nonlinear phasc the plate shapes in problems (a) and (b) greatly differ while the difference pattern 
qualitatively agms for the infintely thin plate shown in Figs. 13, 14. This confirms our statement 
that the source of difference is Itichtmyer-Meshkov stage generating the perturbation 
transversal velocity in problem (b). An additional illustration of the evolution of 
interaction between the modes in problems (a) and (b) is represented by Figs. 19-20 s 
evolution of higher harmonics of the ablation front shape. It is seen that the compoSition iand time 
evolution of haxmonics in problmls (a) and e) qualitatively Mer. 

CONCLUSIONS 
1. The studies were performed of how the time of Rayleigh-Taylor instability transition to 

the nonlinear phase depends on the initial amplitude. It was shown that the approximation of 
W t e l y  thin shell d e m i  well the 2-D results both for the perturbations applied to the ablation 
front and to the rear side. 

2. The computations were run for the evolution of two-mode perturbations with the wave 
lengths As10 pn and A=2 pn. ‘ h e  MIMOZA code allows to track the interaction of modes in 
the deep nonlinear phase. 

It is indicated that the intmaction of two modes qualitatively differs when the perturbation 
am applied to the ablation f3ont and to the rear side of target. 

de?nonstrated tha.t the main source of this diffcrtnce is Richtmyer-Meshkov 
transversal velocity perturbations when the shock wave arrives to the rear 

1. 

2. 
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Fig. 13. Surface shape of thc infkitely thin plate at rlf=2.2 in the case where no & e d  
velocity exists in thme initial perturbations representing the sum of the firsthd fifth 
harmonics. t 

Fe. 14. S d c e  shape of tlhe Mnitely thin plate at rlt-2.2 when the transversal velocities 
vl=6.105 cm/s and v2=0 are specified for initial perturbations representative the 
sum of the f3st and fifth harmonics. 
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Evolution of amplitudes of various harmonics in Fourier transform of the intcrfhce 
shape in problem (si) when the two-mode perturbation is applied to the ablation 
front at to=O.O8 11s. 
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Evolution of amplitudes of various harmonics in Fourier transform of the interface 
shapc in problem 01) when the two-mode perturbation is applied to the target rear 
side at initial time. 
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ABSTRACT 

The present report is performed according to the plan of the first stage of the 

contract C 500500015-35 between the University of California (LANL) and the 

International Institute for Applicd Physics and High Technology. 

The report includes: 
0 Description of the experimental set-up; 

0 Procedures of visualization of the process, including the “method of grid” 
applied in order to obtain the images of the object of the study with more 

definite boundaries between the zones than in previous experiments. The 

experiments were performed on the modified set-up, that allowed us to obtain 

the object images with bhe : r  resolution; 
Analysis of the errors of measurement of the basic characteristics of the process; 

0 Results of the investigation of the main types of the evolution of the interface 
between gases of different densities on the shock passage through it. We 
considered the passages of the incident shock from heavy to hght gas and from 

light to heavy gas through the two-dimensional initial interface modeled by a 
thin film; 

0 Preliminary data on the study of the interface evolution induced by the incident 
shock after the passage of reflected shocks through the interface. 
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1. DENOTATIONS 

Elements of the setup: 

D1 - the driver section of the shock tube 
D2 - the driven section of the shock tube 

Do - the diaphragm 

TS - test section 
KO - the initial interface 

CFV - the center of the field of view 

6, h, k - amplitude, wavelength and wave number of the initial interface & 
EW - the end wall of the shock tube 

OKM-2M, OKM-4, OKM-5 -- test sections 

Elements and parameters of the process: 

A & B - disposition of the gases (to the right and to the left of the initial interface, 
respectively) 
Sela - the incident shock 
1S;:lb - the refracted shock in g,as B (after the interaction of Sela with KO) 

- the reflected shock in gas A (after the interaction of Sela with KO) 
K I ~  - the interface between the shocked flows i lb and i la 
$26 - the reflected shock in gas B moving from the end wall of the shock tube 

toward K12 

KIZ) 

Siza - the refracted shock propagathg in gas A (after the interaction of Sezb with 

S,, - the reflected shock moving in gas B to the end wall (after the interaction of 

se2b with KlZ) 
K23 - the interface between the shocked flows i2b and i2a 
S& - the reflected shock moving in gas B from the end wall of the shock tube 

toward K23 

Wok - velocity of Sgk 

Mij, - Mach number of Suk 

4 



Uck, pijk, Pik, Tijk - velocity, density, pressure, temperature of the flow behind s$ 
PO and po -the initial pressure and density 

At'(p2 - p1)(p2 + p1)-l - the Atwood number, where p1 and p2 - the densities of 

gases A and 3, respectively 

KI, K3, K5 - the characteristic points of Kj on the end wall side 

@, K4, K6 - the characteristic points of &j on the driver section side 

&jkn, - coordinates of characteristic points of K,, n = 1,2, .A 
SI, S2 - characteristic points of s#k 

a, - the amplitude of s g k  

agk - the amplitude of 4~ 
A8 - thickness of Ky 
dl - width of the mushroom stem 
d2 - width of the mushroom 
h - height of the mushroom 
&,k'-'= 0.5(&jk1 + &jk2) 

&jk3-'= 0.5(&jk3 f &jk4) 

&jk5-6= 0. 5(&jk5 + &jk6) 

5 
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Fig. 1.1. Scheme of the experimental set-up and the x-t diagram of the 
process. 
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Section OKM4; 3) test section OKM-2W 4) the test section 
OKM-4 inciudrng the end of the shock tube (for expebnts 
with the ~fleeted shock wave). 
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2. INTRODUCTION 

For investigating the Richtmyer-Meshkov Instabihty (RMI), the relation 

suggested by Richtmyer is often used (Richtmyer, 1960): 

-- d a ~  -~;LAW 
dt 

This relation is applicable for the shock passage from lght to heavy gas 

through the two-dimensional (2D) sinusoidal interface with the amplitude a0 and 

the wave number k. Here is the current amplitude of the interface after the end 

of refraction, At'(p2 - pl)(p2 + pl)-I is the Atwood number, Uis the velocity of the 

interface. The zone of applicability of (1) is limited by the small Mach numbers Mo 
of the incident shock wave, the small curvature of the initial interface (q,k << 1) 
and the small At values. 

Meshkov has shown in experiment (1969) that this instability is induced on 
both the passages of the incident shock wave, from light to heavy gas and from 
heavy to hght gas. It has been shown that for a,-,k < 1 and Mo < 1.6 at the initial 
stage of interface evolution, the amplitude a K  grows linearly in time. For the shock 
passage from light to heavy gas, the relation (1) satisfactorily describes the results of 
experiment. 

Meyer and Blewett (1972) made an attempt to apply the relation (1) for the 

shock passage from heavy to light gas by replacing a* with 0.5(a* + a,-,). 
The numerical and experimental studies on RMI performed for the passage of 

the shock from hght to heavy gas through 2D sinusoidal interface (Aleshin et al., 

1990; Zaytsev et al., 1991; Aleshin et al., 1990), have shown the following. 
1. The interface evolution after the end of refraction develops through the 

number of characteristic stages of which the final one is the formation of the 
turbulent mixing zone of thickness L. 

2. The increase of aok accelerates the development of the evolution to the 
turbulent stage. 

3. The dL/dt value is slightly affected by %k. 
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4. The properties of the interface evolution after the end of refraction are 
dependent on the character of the refraction of the incident shock wave on initial 

interface. 
Note that the passage of the incident shock through 2D sinusoidal interface is 

accompanied by formation of the refracted and reflected shocks (PI < p2). The non- 

uniform pressure distribution that arises behind the refracted and reflected shocks, 

determines the RMI evolutioni. The pressure amplitude P,, for this distribution 

depends on %k, Mo and At. 
Analysis of the regimes of the incident shock refraction on 2D sinusoidal 

initial interface allowed us to distinguish three regimes of the RMI evolution for p1 

< P2. 

1. Soft regime. In this case, four characteristic stages of the RMI evolution 

are observed after the end of refraction. 

Linear stage ( a K  < 0.4')L). The a K  grows linearly in time according to the 
relation (1). The interface retains sinusoidal shape. 

Non-linear stage (0.41 < aK < 0.7h). The shape of interface undergoes the 
characteristic distortion: the heavy gas penetrates in the lght gas as tapering spikes, 
and the hght gas penetrates into the heavy gas as growing bubbles. 

Transitional stage (0.71 < a K  < 1.5 - 2h). The vortex structures of 

characteristic mushroom shape are generated on the spike tip. During the motion, 
the vortex structure grows in size. 

Turbulent stage (the final one) is characterized by the interaction of the 
adjacent vortex structures. 

The rate of penetration of one gas into the other determined by the dad&, 

decreases on the transition from each preceding stage to the following one. 

2. Hard regime. After the end of refraction, the RMI evolution includes three 
stages: non-linear, transitional, and turbulent. This regime is characterized by the 
generation of the secondary shocks in the flow between the refracted and reflected 
shocks. 

3. Irregular regime. After the end of refraction; the RMI evolution includes 
two stages: transitional and turbulent. 



It is necessary to especially underhie the followmg. For the regular regimes 

(soft and hard), formation of the mushroom structures is due to the shear instability 
of Kelvin-Helmgoltz. For irregular regime, the mushroom structures are fomung 

during the refraction on the interface, thus indicating the non-evolutionary character 

of the process. 

The time of achieving the turbulent stage is reduced for hard versus soft 

regime, and for irregular versus hard regime, so for the same initial Mo, At and a0 

the depths of penetration on the turbulent stages for these regimes are reduced, 

respectively. 
The problem of creating an adequate descriptive model for the passage of the 

incident shock wave through an interface comes to determining the depth of 

penetration of one medium into the other, depending on the a&, Mo and At. 
Another problem of the RMI is the description of the evolution of the 

interface after the reflected shock passage through it. It should be noted that in 
experiments performed in shock tubes, by the moment of collision of the reflected 

shock with the interface, the latter is a layer of finite thickness A with continuous 
density distribution. The use of continuous instead of discontinuous interface results 
in reduction of the growth rate a& (Zaytsev et ai., 1993). The correct account for 
this effect for the regimes realized for the interaction of the interface with the 
reflected shock, requires further investigation. 

The effect of the evolution of the interface before the colhsion with the 

reflected shock on that after the collision is probably due at least to the following. 
First, it is the growth of the interface amplitude before the interaction with the 
reflected shock. Second, it is the fact that the interface is a layer of firlite thickness. 

For the [s] (after 1 colhsions with the reflected shock), Broudlette and 
dt 

Sturtevant ( 1990) suggested the following relation: 

i (a;), kUj At 

vj 
where wj = \vj(A, k, At). 

The direct experimental testing of the relation (2) requires to provide the soft 

regime of refraction for all thc shock interactions with the interface, and this meets 
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certain difficulties. It is also necessary to study in experiment the interaction of the 
interface with the reflected shocks for the hard and irregular regimes. The need of 

these studies is due to the necesity of description of the RMI evolution in the layers 

with alternating density. 

Below, we give the description of the experimental set-up intended to 

investigate the indicated problems. We present the data on the study of different 

regimes of the RMI evolution for the passages of the incident shock from light to 
heavy gas or vice versa through 2D sinusoidal interface, and the data on the 

interface evolution after the interaction with the reflected shock wave. 
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3. EXPERIMENTAL SET-UP 

The experiments were performed in a shock tube (for the scheme, see Fig. 
3.1). The driver was a 1000 mi tube of round cross-section with 20 mm thick walls 

and the inner diameter of 100 mm. The oxygen-hydrogen-helium mixture 

(02+2H2+7He) at the pressure 2.6 atm was used as the pusher. The mixture was 
ignited with the current-heated Ni-Cr alloy filament stretched along the driver. f i s  
method of ignition allows to obtain the uniformity of the flow behind the front of 

the incident shock wave. 

The driven channel was of square section (72x72 mm2). The driven was 

assembled of 8 sirmlar sections, each 450 mm long, and one transitional section to 

provide the smooth junction be:tween the driven (72x72 m 2 )  and the driver (0 100 
mm). The diaphragm Do placed between the driver and the driven was the 0.9 mm 
copper plate with the 0.6 mm cross-shaped notch on the driven side. The driven was 
equipped with three contact giiuges D1, D2, and D3 to measure the velocity of the 
incident shock. 

The test section TS aktached to the end of the driven is destined- for 
investigating the RMI. Withirt the section, a thin lavsan frlm ISQ was installed to 
model the initial 2D sinusoidal interface. The process was visualized downstream 
from the place of the f h  fastening. Fig. 1.2 shows the scheme of the film 

disposition and the system of coordinates used in the study. The zero section is 
matched with the plane of th.e film fastening on the top and bottom walls of the 
driven, the positive direction of the X axis runs downstream. The number of test 
sections allows us to visualize the process in the following sections: 3.5 mm < X < 
113.5 mm (TS OKM-5), 28 nun < X < 172 mtn (TS OKM-4), and 133 mm < X < 
277 mm (TS OKM-2M). The design of the set-up provides the vacuum-tight 
separation of the driven volunies on both sides of the film &. When performing the 

present contract, we modifred the test sections OKM-4 and OKM-5 that allowed us 
to increase the amplitude of the initial interface up to 30 mm (versus 10 mm 
maxinium amplitude in previcus experiments). 

The experimental set-up is equipped 
system of fillrng with w o r k q  gases. Prior to 

with the evacuation system and the 

experiment, the set-up was evacuated 
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to IO-’ torr, then both parts of the driven were filled with worlung gases to 0.5 atm, 

providing that the pressure differential on different sides of the film & did not 

exceed 0.2 torr, because the larger differentials led to irreversible deformation of the 
initial interface. The inleakage flor each driven volume did not exceed torr/min. 

The process was visualized by the Schlieren method with the device IAB-45 1. 

The process was recorded with (3 hgh speed photographic camera ZhFR-3. The hght 

source was a ruby laser with a passive shutter allowmg us to obtain 12-18 hght pulses 

of 10-1 ps. The time interval between two pulses was varied within 10-25 ys range. 

As the visualmng diaphragm; we used the couple consisting of the entrance 

diaphragm (aperture of 0 2.5 nun) and the exit diaphragm (sphere of 0 2.5 mm). In 

addition, to increase the sharpness of Schlieren pictures and the resolution, we also 
used the “method of grid” described below. 

Fig. 3.1. Scheme of the experimental set-up. 1) Test section; 2) driven; 
3) driver; 4) ZhFR-3; 5) system of evacuation and fm with working gases; 
6) system for measuring the: velocity of shock; 7) hght source; 
8) system of control and synchronization; 9,lO) the device IAB-451. 
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4. VISUALIZATION BY THE “METHOD OF GRID” 

To increase the resolution of Schlieren pictures, we applied the “method of 
grid” developed on the basis of the procedures of “defocused grid” and “inclined 

defocused thread” (Skotnikov, 1976; Vasilyev, 1968). 

The evolution of RMJ is characterized by large density gradients and, 

respectively, the large deflections of the exploring beams. The device JAB-451 

records only the deflections not exceeding 8 ~ 1 0 - ~  radn (the dynamic range of the 

device). When heavy gases (k, Xe) are used in experiments at the initial pressure 

0.5 at and the Mach number of the incident shock wave ranged 2.5-4.5, the 

perturbations arising in the supersonic flow (at the chamber joints, etc.) cause the 

deflections of the exploring light beam comparable with the dynamic range of the 

IAB-45 1 device. 
The gas-dynamic objects with large gradients of the refractive index are better 

recorded by the shadow meth’od, however, in this case the image of the object is 
defocused. This reduces the accuracy of measuring the sizes of the gas-dynamic 
structures on the object. 

The “method of grid” is an attempt to join the advantages of the Schlieren 
method (the sharpness of the object images) and the shadow method (the sharpness 
of the images of the gas-dynamic structures with large gradients of the refractive 
index). 

Figure 4.1 shows a part of the optical scheme of the visualization system. 
Parallel light beam passes through the visualization field, undergoes distortion and 

enters the receiver of the IA€) device with lens of 0 230 mm and 1917 mm focal 

length. After the mirror I*, the lght beam passes through the visualizing diaphragm 
2. The diaphragm 2 is a 0 2.5 mm sphere (for Schlieren method) or a 0 20 mm 
aperture matched by the size with the mirror l*. The location of the diaphragm 2 is 
the place of the llght source focusing. The hght beam passed through the lens 3 (F = 

210 mm) forms the first object image in the zone 4. After passing through the lens 5 
(F = 210 mm), the beam is reflected from the pivoted polyhedron 6 of the hgh 
speed camera ZhFR-3 and foirms the object image which is recorded on the film 7. 
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In the methods of ‘‘defocused grid” or “inclined defocused thread”, the 
additional visualization diaphragm is the system of threads placed between the 
diaphragm 2 and the lens 3, and the light source is a slit. Ths method is 
characterized by the small dynamic range, and only the one-direction refractive 

index gradients are recorded well. 
In the “method of grid’“, the llght source is a 0 2.5 m aperture, and the 

additional diaphragm is placed after the lens 3, but before the lens 5. The additional 
diaphragm can be placed before: or behind the zone 4. Figure 4.2 shows the pictures 
obtained by dflerent methods for one regime: a) using the Schlieren method with 

the aperture-sphere diaphragm system; b) using the “method of grid”. Figures 4.2, c 
and d correspond to the “method of grid”, but in these cases the additional 

diaphragm is placed after the fint object image. As seen, the use of the “method of 

grid” allowed us to srgntficantly increase the sharpness of the images of the refracted 

shock Sjlb, secondary shocks, and the contrast range of the images of K12 and the 
gas flow between silb and K12. 
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Fig.4.1. Optical scheme of visualization by the “method of grid”. 
1) The receiver of the device IAB-451; 1*) the mirror of the device IAB-451; 
2) visualizing diaphragm; 3 3 )  lenses 1-51 (F=210 mm); 4) the location of 
the image of visualized object; 6 )  the pivoted mirror polyhedron of 
the l q h  speed camera i!hFK-3; 7) the frlm of the camera; 
8) the visualized object; A1 and A2 are the defocusing distances. 
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Fig. 4.2. Schlieren pictures of the shock passage from He into Xe through the 2D 
perturbation (h=72 mm, @=lo mm). a) standard shadow method; b) “method of 

grid”; A1=26 mm, grid spacing is 2 mm; c) “method of grid”; A2=50 mm, grid 

spacing is 1.7 mm; d) “method of grid’’; A2=25 mm, grid spacing is 0.85 mm. 
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5. ANALYSIS OF EXPERIMENTAL ERRORS 

The error of each run was determined by the followmg components: 

- the errors of instrumentation appeared during the performance of 

experiment (when determining the shock velocity and the time intervals between the 

frames for recording the process with hgh speed camera); 

- the errors of making th,e framework onto which the film was glued to model 

the initial interface; 

- the error due to the variations in the shape of initial interface; 

- the errors of measurement during the processing of the data (the errors of 

determining the disposition of characteristic lines in Schlieren pictures). 
Let us consider every component in more details. 
Velocity of the incident shock .!$la was measured using the base method by 

the t h e  interval between the signal coming from the contact gauges, at the shock 
passing by each of them. The gauges with the receiving surface of 0 2.5 mm were 

240 mm distant one from another. The error of measurement of the velocity of the 
incident shock was about 2%. Within the visualization field, the design of the shock 
tube provides the constant velocity of the incident shock for the heavy gases (Ar, Kr, 
Xe) and the accelerated shock motion for He. This acceleration measured 
independently in two bases increased the shock velocity within the visualization field 
by no more than 4% for 1 m of the passed distance. 

The error of malung the framework for the initial interface was defuied as 

+0.1/-0.3 mm by amplitude and +1 mm by wavelength. In experiments we used the 
frameworks with the perturbation amplitude a0 = 5, 10, 20, and 30 m. The errors 
for the indicated Q were 8, 4, 2, and lS%,  respectively. We used the wavelengths h 

of 36 and 72 mm. The errors of makmg the framework were 3% for the amplitude 
and 15% for the wavelength. 

The much more significant contribution to the experimental error is the error 

due to the variations in the shape of initial interface. During the evacuation of the 
driven and its filling with the working gases, there may appear the non-controllable 

perturbations with the characteristic parameters (a < 5 mtn and h < 5 mm) on the 
surface of the frlm glued onto the framework. Normally they appear for ao/h < 0.4. 
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The account for these additional errors results in the following total errors of 
determination of the initial perturbation: 18, 9, 4.5, and 3.5% for the initial 

amplitudes a0 = 5, 10, 20, and 30 mm, respectively. 

The errors appearing during the processing of Schlieren pictures are mady  

due to the subjective operator’s estimation of the observed picture. The resolution of 

the microscope used for measurements is no lower than 2 pm. The scale of the 

image in the frame was about 0.14 of the real one. Thus, the instrumental error for 

the measurement in real scale did not exceed 15 pm. The errors due to the 

subjective Operator’s estimation when measuring the objects with sharp boundaries 
(frame boundaries, shock waves) or less clear boundaries (interface shapes), were 0.1 
or 0.7 mm by absolute value in real scale, respectively. This error of measurement 

provides the 0.1 ps accuracy fcr determination of time intervals and no lower than 

5% accuracy for the determination of the shock velocities. For the &-Ar couple, the 

difference between the shock velocities measured by the base method and those 
obtained by the direct measurement of the distance between the frames on 
photographc fW is less than 1%, that is sigdicantly lower than the accuracy of the 
velocity measurement by the each method. 

The accuracy of detennination of the interface amplitudes aK12(t) for a single 
interaction with the shock is 10-14% for aK12(f) < 5 and about 1.5 mm by the 
absolute value for the large a~12(t)  values. The growth rate of perturbation is 
determined with no less than 15% accuracy. 

The error of determination of the amplitude am3(t) of the interface after the 

interaction with the reflected shock is htgher. The increased variation is mainly due 
to the intensive growth of perturbations caused by the non-controllable distortions of 
the shape of initial interface and the excitation of the turbulence. This decreases the 
contrast of the images of the fronts between the K23 and “pure” gases. In addition, 
the number of experimental points on this stage of the RMI evolution normally does 

not exceed 3-5. The measurements by the operators may vary by more than 1 mm 
by absolute value, and the error of determination of the perturbation growth rate 
dau3(t)/dt is not less than 25.30%. 

19 



6.  REGIMES OF EXPERIMENT 

In the present study we used the initial pressures PO of gases, Mach numbers 

Mo of the incident shock wave:, and the films m o d e m  the initial interface whxh 

allowed us to ignore the effect of the film on the character of the process evolution. 

The experiments were performed with 2 pm (approx.) lavsan films of running 

density 4.2 x 10-4 g/cm3. The initial pressure of working gases (He, Ar, Kr, and Xe) 

was 0.5 atm. We used the shocks with Mach numbers ranged 2.5-4.5, 
It has been shown that for the indicated regimes, the x-t diagrams of the 

passages of planar shock waves through the plane fW between the above-listed 

gases coincide with the calculated ones within the experimental error. the calculated 
data were obtained by the numerical solution of the one-dimensional problem of the 

interaction of planar shock with a plane interface. It has been found that the shock 
(Mo > 2.5) passage through the thin film of curvilinear shape, provided that there is 
the same gas on both sides of the film, results in formation of the optical non- 

uniformity moving at the velocity of the shocked gas. The traveling of the small 
perturbation waves and the shock waves through this non-umformity affect neither 
their velocity, nor their shape. 

To obtain the quantitative information on the evolution of all the regimes of 

RMI evolution induced by the interaction of the incident shock wave with the 2D 
sinusoidal initial interface, we performed the experiments, the regimes of which are 
given in Table 7.1. The regimes of experiments performed for investigatmg the RMI 
evolution induced by the reflected shock wave, are also given in Table 7.1. 
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TABLE 7.1. Initial and experimental data on all the experiments included in the report. 

Initial data 

No. A+B At test Wela Mela 

635B Kt-+Xe 0.182 OKM-5 36 30 0.823 3.74 
636B Kr+Xe 0.182 OKM-5 36 30 0.827 3.76 
627B &+Kr 0.29 OKM-5 36 10 1.170 3.67 
6209 G.29 OKM-4 36 10 1.111 3,48 
646B Ar+fi 0.29 OKM-2M 36 10 1.136 3.56 
628B Xe+Ar 0.45 OKM-5 36 5 0.861 4.92 
631B Xe+Ar 0.45 OKM-5 36 5 0.783 4.47 
629B Xe+Ar 0.45 OKM-5 36 10 0.822 4.7 
630B Xe+Ar 0.45 OKM-5 36 20 0.788 4.5 
632B Xe+Ar 0.45 OKM-5 36 30 0.799 4.57 
622B He+Xe 0.915 OKM-5 36 10 2.903 2.88 
619B He-+Xe 0.915 OKM-4 36 10 2.832 2.81 
633B He-+Xe 0.915 OKM-5 36 20 2.910 2.89 
637B He+Xe 0.915 OKM-4 36 20 2.766 2.75 
634B He+Xe 0.915 OKM-5 36 30 2.797 2.78 

section mm - Estimated Experimental data 
data 

Wdb* uK12* Wdb' w11b2 UK12l UKlz4 d@/dt d@/dS 

0.725 0.512 0.720 0.765 0.557 0.503 0.013 0.026 
0.725 0.515 0.708 0.731 0.526 0.462 0.058 0.111 
0.945 0.670 0.930 0.693 0.574 0.119 0.172 
0.894 0.630 0.917 0.628 0.566 0.055 0.089 
0.916 0.647 0.897 0.636 0.620 0.016 0.025 
1.155 0.801 1.104 1.094 0.810 0.725 0.078 0.096 
1.058 0.721 1.041 1.051 0.770 0.682 0.077 0.099 
1.107 0.761 1.032 1.016 0.830 0.662 0.156 0.187 
1.064 0.726 1.010 1.028 0.846 0.635 0.229 0.271 
1.079 0.738 1.004 1.012 0.860 0.601 0.256 0.298 
0.845 0.606 0.832 0.593 0.382 0.211 0.356 
0.820 0.586 0.877 0.621 0.451 0.173 0.278 
0.849 0.609 0.865 0.945 0.650 0.406 0.301 0.471 
0.798 0.569 0.847 0.855 0.624 0.448 0.174 0.28 
0.809 0.577 0.800 0.910 0.596 0.406 0.158 0.28 
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638B Xe+He 0.91 OKM-4 36 5 0.887 
639B Xe+Ar 0.45 OKM-4 36 5 0.842 
640B Xe+Kr 0.182 OKM-4 36 5 0.707 
641B Xe+Kr 0.182 OKM-4 36 5 0.697 
592B Xe+Kr 0.182 OKM-4 36 5 0.681 

5.07 2.021 1.139 1.906 1.175 1.045 0.130 0.114 
4.81 1.131 0.781 1.147 0.835 0.755 0.080 0.103 
4.04 0.800 0.554 0.797 0.561 0.529 0.023 0.041 
3.98 0.788 0.545 0.572 0.550 0.028 0.051 
3.89 0.771 0.53 0.743 0.539 0.498 0.028 0.052 



7. RESULTS OF EXPERIMENTS 

7.1. Evolution of Kl2. 

Table 7.1 gives the initial data, the estimated data on the interaction of the 

incident shock wave Sera with the plane interface Kl2, and the experimental data. 

Initial data. The column “A+B” shows the direction of the Sela passage. “At” 

is the Atwood number of the contacting gases. The column “Chamber” shows the 
type of the used test-section. The visualization fields for each test-section are shown 

in Fig. 1.2. h and a0 are the wavelength and the amplitude of hY respectively. Wela 
and M e l a  are the velocity and the Mach number of the shock Sela traveling in gas A. 

Estimated data. u.““ilb and p K l 2  are the velocities of the refracted shock &, 
and the plane interface between the shocked flows generated by &, and $la. Wilb 

and p K l 2  are obtained by numerical solution of the conservation equations 
describing the interaction of the planar incident shock with the plane interface. CPK 
is the estimated value of the Klz  at the end of refraction of the incident shock wave 
on the 2D sinusoidal interface 

ail2 =ao(l--). u12 

K la 
ExDerimental data. q L  and are the velocities of the characteristic points 

of the refracted shock &b; Uki2 and Ui12 are the velocities of the characteristic 

points of K12. The disposition of these points on Kl2 and Silb is given in Figs. 7.1 

and 7.2. d a ~ ~ / d t  is the mean growth rate of the K12 amplitude within the 
visualization field. 

Schlieren pictures of the performed experiments on the 1:2 scale are given in 

Appendix 1. The x-t diagrams of the motion of the characteristic points of K12 and 

&b are given in Appendix 2. The trajectories and S;”lb correspond to the 

extremum points of the reflected shock front. 
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Fig. 7.1. Designation of characteristic points on K1, (A - 
Run No. 631B h m e  No. 7) and Silb (B - Run No. 634B, 
frame No. 6). Test section OKM-5. CFV is the center of 
the field of view (see Fig. 1.2.). 
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Fig. 7.2. Designation of characteristic points on IC,,. 
Run No. 619B, frame No. 6. Test section OKM-4. CFV is the 
center of the field of view (see Fig. 1.2.). 

24 



20.00 

15.00 

_ _ -  

I 
I 
I 

- _  

I 
I 
I 

I -  L -  - * * * * * r *  * I t- 

1 ***** Ar-Kr ,  aO=lOmrn, h=36mm 1 OoooO H e - X e ,  uo= IOmm, h=36mm 
___ Rich trn y e r  

(70OOc1 Kr-Xe,  ao= IOmrn, h=36rnm 1 AAAAA H e - X e ,  a0=20rnm, h=36rnm 
, 00000 H e - X e ,  un=30rnm. h=36mrn 

4 
0.00 2.00 4.00 6.00 8.00 

i 

h) 
CA - - 

Fig. 7.3. The non-dimensional amplitude of the interface K12 versus the non-dimensional distance X, , ,  passed by Kl2. 



The interaction of the &la with the & modeled by the thm film results in 

formation of the interface K12 recorded as the 2D layer of finite thickness A. The 

boundaries between this layer and the shocked flows of the “pure” gases are not 

sufficiently contrast. This fact, as already mentioned, results in the errors in 

measuring the coordinates of the characteristic points and the perturbation 

amplitude aK12 of K12. 

Appendix 3 gives the numbers of frames and the corresponding time intervals, 

as well as the measured coordinates of characteristic points &b, Kt2, and K23 and 
the relation used to determine the perturbation amplitude. The numbers near each 

image in the Schlieren pictures of the process given in Appendix 1 are the numbers 

of the corresponding frames. 
- 

Figure 7.3 gives the values of non-dimensional amplitude aKlz of the 

interface K12 versus the non-dimensional distance X,,, passed by Kl2. These data 

are given for the shock passage from llght to heavy gas. 

- 

-- 
In these variables the alll, value is determined by the relation (1)  and is given 

by the s t r w t  line in Fig. 7.3. As seen, only for the run No 627B the aKrz values 

coincide with the data obtained by (1). The experimental data allows us to note the 

- 

f0Llowb.g. 
1. The combination in one plot of the data of different runs but for similar 

initial conditions indicate the b h  reproducibility of the data (runs 627B, 620B and 
646B correspond to the soft regime, runs 622B and 619B correspond to the hard 
regime, runs 633B and 637B correspond to the irregular regime.) 

2. For XK12+0, the qL values tend to zero for all the rum except for 635B 

and 636B. This indicates that the relation determining the a ~ *  is in a good 
agreement with the experimerttal data for the soft and hard regimes. 
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3. The experimental data indicate that when passing from the runs 627B, 

620B and 646B to the runs 62:!B and 619B, and then to the runs 633B, 637B and 

634B, we observe the increase of the deviation of the amplitude < from the value 

determined by the Richtmyer relation. This deviation of a , ( X , )  is due to the 

different character of refraction of Se.a on Kl2. 

-- 

Comparison of the experimental data for the passage of the incident shock 

wave from heavy to hght gas w~th the values obtained from the relation suggested by 

Meyer and Blewett (1972) gives the two-fold excess of the theoretical values of the 

perturbation growth rate over the experimental values (the calculated and 
experimental values of da~12/dt are 168 and 75 m/s (run 628B), 153 and 76 m/s 
(run 631B), and 321 and 156 m/s (run 629B), respectively). 

7.2. Evolution of the interface after the interaction with the reflected shock wave. 

The experiments whith the recording of the interface interaction with the 
reflected shock were performed to determine the effect of the evolution of the 
instability on Klz on the evolution of the instability on K 2 3  (after the interaction with 
the reflected shock). The main difficulty in solving this problem is due to the fact 
that by the moment of collision with the reflected shock, the Klz is the layer of the 
thickness A comparable to thc perturbation amplitude. This results in the reduced 

perturbation growth rate in comparison with that for the layer of A=O. In addition, 

by the moment of collision with the Se2b, the amplitude of perturbation on K12 may 
be high enough for the soft regime of refraction (for which the relation (1) is true) 
to change into the hard regime. Ths phenomenon is also accompanied by the 
decrease in perturbation grovvth rate. Taking into account the factors mentioned 
above, the task of isolating the effect of the pre-history of RMI evolution may be 
considered rather difficult. 

Figure 7.4 gives one of the Schlieren pictures. It shows the interface K23 

formed after the interaction of K12 with se2b. qh is the refracted shock propagating 
in gas A. This fsure shows the characteristic points used for obtaining the 
quantitative information. The coordinates of these points and the determination of 
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the measured values are given in Tables (see Appendix 3); the corresponding x-t 
diagrams are given in Appendix 2. 

Table 7.2 gives the processed data for three runs. The experimentally 

measured perturbation growth rates for K12 and K23 (column 1 of the table) are 

compared with the calculated data. The column 2 gives the growth rates calculated 

from the Richtmyer relation. The column 3 gives the values calculated from the 

modified Richtmyer relation: 

da, - aiUkAt 
dt Y 

- (3) 

The value Y (k, A, At) is calculated according to Duff et al. (1962). The 

modified Richtmyer relation (3) is used to account for the effect of the changing of 

discontinuous interface into continuous one. 
The last two columns give the data on the amplitude growth rate for the 

perturbation of K23 calculated from (2). The calculation was performed twice, first 

on the assumption that the boundary retains the discontinuous density distribution at 
all the stages of evolution, i.e. Y=l  (column 4), then on the assumption that from 

the second stage, the boundary becomes the continuous interface, and the values Y 
are calculated according to Duff et al. (1 962) for experimentally measured A values 
(column 5). 

It should be noted the following. 
1. Because the fmt stage of the interaction of the interface with the incident 

shock wave is complicated by re-phasing, it is impossible to calculate the 
perturbation growth rate from (1);  for calculating the perturbation growth rate at the 
late stages, we used the daK12,/dt obtained in experiment. 

2. The values of “compressed” amplitude after the end of refraction of Se2b 

were taken from x-t diagram;. Then the amplitude growth rate for the perturbation 

on K23 was determined by the. relation (2). 
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cw 

Fig. 7.4. Designation of characteristic points on K,,. Run No. 639B, 
frame No. 13. Test section OKM-4. CFV is the center of the field 
of view (see Fig. 1.2.). 
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As seen from the data of run 592B (Table 7.2), the experimentally measured 

amplitude growth rate for perturbation on K23 demonstrates a good coincidence with 
the rate calculated from (2) with account for Y according to Duff et al. (1962). The 

s d a r  comparison of the rates for run No 641 B shows that the experimental value 

is nearly twice as high as the calculated value and within the error coincides with the 

value calculated from (2) for Y=l. Because both runs were performed for similar 

initial conditions, additional tests are required. 
The experimental value of the rate in run 639B is far lower than that obtained 

from the relation (2). This run was performed for the larger Atwood number, and 

the character of refraction of thie reflected shock on the interface may be related to 

the hard regime. The shape of the shock 42a (see Appendix 1)  testifies to this 
suggestion. This run cannot be used for comparison with the calculation by (2). 

In the run 638B performed with Xe-He gas combination (At=0.915), the 

refraction of the reflected shock. was of the irregular character. 
In the run 640B the Mach number of the incident shock wave was lower than 

expected. Because of this, the: evolution of instability was recorded only for the 

interface K12. 

The results of experiments allow us to conclude that the interface evolution 

before the interaction with the reflected shock wave affects the evolution of this 

interface after the interaction. The quantitative account for this phenomenon 
requires further investigation. 
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TABLE 7.2. Results of experiments with the reflected shock. 

1 

Experiment 

&2 0.027 

K23 0.050 

2 3 4 5 

a *ic(U]At a *k(U]AvY da/dt, Y= 1 da/dt 

0.050 0.032 0.077 0.059 

RM No. 641B 
1 2 3 

Experiment a *k/U]At a *k(u]A/w 
Ki2 0.028 

K23 0.096 0.058 

Xe +, Kr, h = 36 m, a0 = 5 m ,  A t =  0.182 

4 5 

da/dt? Y=l da/dt 

0 

0.086 

1 2 

Experiment a *k[U]At 

Ki2 0,0804 

K23 0.196 0.363 

Run No. 639B Xe -+ Ar , h = 36 m, a0 = 5mm, At = 0.45 
3 4 5 

a *kf uAt/y da/dt? Y=l da/dt 

0.244 0.444 0.324 
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8. CONCLUSIONS 

I. We studied the Richtmyer-Meshkov Instabihty on the passage of the 

incident shock wave through the 2D sinusoidal initial interface modeled by a thm 

film. The results of the experiments include: 

- Schlieren pictures of the performed experiments (Appendix 1); 

- x-t diagrams of the rnotion of characteristic points of the interface zone 

between the compressed flows ilnd the refracted shock waves (Appendix 2); 
- tables of the data measured from the Schlieren pictures. 

2. We present the data on the RMI evolution induced by the interaction of 

the reflected shock wave with the 2D sinusoidal interface. Schlieren pictures of the 

process, x-t diagrams of the motion of characteristic points and the tables of the 

processed data are given in Appendices 1, 2, and 3, respectively. 
The second stage of the studies on the contract will include: 
1. Analysis of results on the RMI evolution afker the interaction of Sela with 

2. Analysis of results on the interaction of the reflected shock with the -2D 
interface Kl2. Additional experiments will be performed. 

3. Performance of the experiments on the RMI evolution on the shock 

passage through the 3D interface. 
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APPENDIX 1 

SCHLIEREN PICTURES 
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APPENDIX 2 

X-T DIAGSLAIMS OF THE PROCESS 
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No. 636B, OKM-5, Kr-Xe, OKM-5, A=36 mm, a0=30m.  
X - is counted from the fi lm fastening plane, 
t=O - time of the first frame. 
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No. 646B, OKM-2M, Ar-Kr ,  h=36 mrn, ao=lOmm. 
X - is counted f r o m  the film fastening plane. 
t=O - time of the first f rame. 
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APPENDIX 3 

TABLES OF THE DATA 
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No. of t Xilbl x K l 2 '  
frame 

1 0.00 96.95 74.33 

78 

- 
xK122  xK124 A= aki2' dl d2 h 

XK12'-xK1Z2 x ~ 1 2 ~ - & 1 2 ~  
50.36 

2 5.46 
3 12.10 

102.63 78.20: 75.42 54.6 2.78 20.76 1.75 
107.88 83.77 80.99 58.2 2.78 22.73 9.59 6.71 9.53 
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